Background Previous community-randomised trials of interventions to control sexually transmitted infections (STIs) have involved rural settings, were rarely multicomponent, and had varying results. We aimed to assess the eff ect of a multicomponent intervention on curable STIs in urban young adults and female sex workers (FSWs).
Introduction
Many randomised trials have shown that interventions to reduce transmission or acquisition of sexually transmitted infections (STIs) are eff ective. 1 Communityrandom ised trials of STI prevention have used several approaches: strengthened STI syndrome management; 2, 3 mass treat ment; 4 community mobilisation, behaviour change, condom promotion and distribution, incomegenerating projects, and clinic-based STI syndromic treatment; 5 and sexual and reproductive health interventions for adolescents. 6 These trials-in rural African settings-have had variable eff ects on STI incidences. A neigh bourhood randomised intervention with peer opinion leaders used in fi ve countries, including Peru, did not reduce STI prevalence in highrisk populations. 7 Longitudinal training of pharmacy workers in Peru has resulted in improvements in STI services, 8, 9 and longitudinal studies of clinic-based STI service improvement for female sex workers (FSWs) have shown reductions in STI prevalences in FSW clinic attendees. 10 The eff ect of such improvements on STI morbidity should be rigorously assessed at the population level (especially in urban settings). Additionally, feasibility assessments and results of multicomponent public health interventions are of growing importance. The Peru PREVEN Study targeted FSWs and the general population in Peruvian cities. We aimed to assess the eff ect of the PREVEN intervention on community-level prevalences of four curable STIs (chlamydial infection, vaginal trichomoniasis, gonorrhoea, and syphilis), primarily in young adults and secondarily in FSWs.
For more on the Peru PREVEN study see http://www. proyectopreven.org
Methods

Study population
In accordance with the protocol, we identifi ed cities in Peru with more than 50 000 inhabitants, and excluded those that were involved in another STI prevention trial. Geographically separate cities (classed as separate when more than 30 minutes travel by land between the cities) eligible for inclusion were matched into pairs that were randomly assigned to intervention or standard care. Of 30 Peruvian cities with more than 50 000 inhabitants, we excluded Lima because its large population of 9 million precluded matching with another city, two cities because eff ects could be altered by proximity to Lima, and three cities involved in another STI prevention trial, 7 leaving 24 cities. Population-based baseline surveys of young adults occurred from August to November, 2002 (table 1) . We then selected 20 cities, matched them into pairs, and randomly assigned them to intervention or standard care. Young adults aged 18-29 years who had lived in the city for 6 months were eligible for inclusion in our analysis. For the baseline survey, we also did a comprehensive census of commercial sex venues. FSWs working at these venues, or attending screening clinics, were nonrandomly, consecutively selected until all venues had been visited or the quota of 200 FSWs per city was reached. Subsequent FSW surveys used sampling 11 of individuals at randomly selected venues and times.
Institutional review boards at the University of Washington, Universidad Peruana Cayetano Heredia, and US Naval Medical Research Center Detachment approved the protocol, consent forms, and instruments. Eligible FSWs older than 14 years and survey participants provided verbal consent. All review boards exempted pharmacy workers and clinicians from informed consent. Young adult survey participants received study caps and T-shirts; FSW survey participants received free condoms.
Randomisation and masking
US and UK investigators (except JPH) were masked to identities of intervention cities until completion of all surveys and laboratory testing. Identifi ed cities were paired based fi rst on 2002 city-specifi c composite STI prevalences in young adults, secondarily on region (coastal, Andean, or jungle), and thirdly on population size. Within each pair, one city was randomly assigned to an intervention with an S-PLUS (version 3·1) program written by JPH; the other city was assigned to standard care. Laboratory personnel and the data analyst (KKT) were masked to assignments until fi nal analysis. Fieldworkers and the Peruvian study team could not be masked. Participants in outcome surveys were recruited after city randomisation, precluding allocation con cealment.
Procedures
All surveys of young adults used identical sampling methods, with paper questionnaires for the baseline survey and computer-assisted self-interviews with personal digital assistants in the later surveys. 12 Men were asked to provide blood and urine samples, and women to provide blood and self-obtained vaginal swabs, or urine if unwilling to provide swabs. Participants received information about STIs and HIV, and referrals for test results, counselling, and treatment when indicated. FSWs answered face-to-face question naires in the baseline survey, followed by collection of blood and one endocervical and two vaginal swab specimens during speculum examination. All FSW participants completed questionnaires and provided three self-obtained vaginal swabs in 2005, and four in 2006.
After completion of a census of all pharmacies, and of pharmacy workers, clinicians, and midwives in each city, the PREVEN network was created in intervention cities; STI training was undertaken for each group, involving STI syndromic management, and cross-referral of clients and patients across the network. Individuals who completed the programme of training were included in the network. Six key activities for improvement of syndromic management were adapted from our early programmes. 8, 9 First, workshops and materials were provided for pharmacy workers, emphasising recognition Separate mobile team outreach to male sex workers by a nurse or midwife and a peer occurred from April to December, 2006. Initial presumptive treatment was 1 g azithromycin for infection with C trachomatis and 500 mg oral ciprofl oxacin for N gonorrhoeae, with screening for syphilis and HIV. Seropositive male sex workers were referred to government clinics for care.
Mobile teams also provided motivational interviewing to promote condom use by sex workers, and gave up to 15 condoms to each FSW in each 8 week cycle in the fi rst 1·5 years, then increased to 50 condoms per cycle. For the general population, the local non-governmental organisation APROPO imple mented social marketing of a low-cost condom, the OK condom, through pharmacies in intervention cities only, from October, 2003, to October, 2004, then more widely.
For all surveys, urine specimens, two polyester swab specimens stored in cryovials, and blood samples were promptly placed into coolers and transported to local laboratories. Trichomonas vaginalis culture media (InPouch, Biomed Diagnostics, White City, OR, USA) inoculated with cotton swabs were transported at ambient temperature to local laboratories. For the fi rst survey, an additional swab was collected using the APTIMA Specimen Collection kit (Gen-Probe, San Diego, CA, USA). Serum, urine aliquots, and dry swabs in cryovials were frozen to −20°C at local laboratories and shipped weekly to Lima, where 1 mL of 2-sucrose-phosphate was added to each cryovial, and serological testing and nucleic acid amplifi cation were done. Initial analysis of results identifi ed a need for additional confi rmatory testing for Chlamydia trachomatis and Neisseria gonorrhoeae infections because prevalences were high and inconsistent in some cities, and to improve N gonorrhoeae test specifi city. Duplicate specimen collection allowed such testing. On the basis of the interim report from the data and safety monitoring board, nucleic acid amplifi cation testing for T vaginalis was also added. Final analyses followed completion of these tests. Baseline and 2005 detection of Chlamydia trachomatis was with Amplicor assays (Roche Diagnostics, NJ, USA). Indeterminate specimens were later tested by Aptima Combo 2 assay (Gen-Probe, San Diego, CA, USA). Results were counted as positive if Amplicor was positive, or if indeterminate and Aptima positive. The 2006 survey used Aptima assays. To exclude possible specimen contamination during collection or testing, positive tests were confi rmed with concurrently collected urine or swab specimens suspended in 2-sucrose-phosphate.
For N gonorrhoeae, Amplicor assays were used for samples collected in the baseline survey. Positive specimens were later confi rmed by Aptima Combo 2 assay, with urine or swab samples suspended in 2-sucrose-phosphate. In 2006, we defi ned infection with N gonorrhoeae by positive Aptima results in initial specimens, with repeat confi rmatory tests on concurrently collected specimens.
Culture specimens incubated at local laboratories were examined every day for 5 days for motile trichomonads. Urine and vaginal swabs collected during baseline and 2006 surveys were later tested in Lima with T vaginalis analyte-specifi c reagents and Aptima General Purpose Reagents (Gen-Probe, San Diego, CA, USA). 16 Specimens consistently yielding relative light unit values of more than 100 000 were classed as positive. We counted specimens as positive for syphilis if they were seroreactive at titres of 1:8 or more by rapid-plasmareagin test and confi rmed by Treponema pallidum particle agglutination assay. Specimens that twice tested positive on the enzyme-linked immunosorbent assay were confi rmed by western blot assay in Lima; indeterminate specimens were retested at the University of Washington (Seattle, WA, USA).
Statistical analysis
The coeffi cient of variation across cities in the 2002 youngadult survey was 0·26 for the primary endpoint. Further calculations suggested matching could reduce this number to about 0·10. 17 With ten city-pairs, 500 individuals sampled per city, and a composite STI prevalence of 0·10 in the control group, we anticipated 90% power to detect a relative risk (RR) of 0·75 (α=0·05, two-tailed; formula 7·14). 18 Similarly, 200 FSWs surveyed per city provided 87% power to detect a 30% reduction in the combined STI outcome, with the assumption of a control community prevalence of 14%. A data and safety monitoring board reviewed the trial in 2006, with an analysis that would stop the trial if the intervention was highly eff ective (α <0·01) on the combined STI endpoint in both FSWs and young adults.
Continuous measures were summarised by medians and IQR, and categorical measures by proportions. The composite STI outcome for each participant was defi ned as positive if any of the C trachomatis, N gonorrhoeae, vaginal T vaginalis (by GenProbe nucleic acid amplifi cation tests), or syphilis seroreactivity results were positive; as negative if all were negative; and otherwise as missing. However, 563 missing syphilis serology values in young adults were classed as negative for composite endpoint calculation in the 2006 young adult survey (results were essentially unchanged by this classifi cation).
The primary analysis of young adults regressed diff erences in STI prevalence between intervention and control communities of the ith pair in 2006 outcome surveys against corresponding diff erences in baseline surveys. In this regression, the intercept gives the adjusted diff erence in prevalence between intervention and control communities in 2006. We tested the null hypothesis that the intercept was zero. Standard linear regression methods were used to fi t the model and generate 95% CIs for adjusted risk diff erences. We used one-way ANOVA to estimate intraclass correlation. We used generalised estimating equations with a log link to compute RR and 95% CIs, adjusted for city-specifi c 
Role of the funding source
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Results
Baseline surveys of FSWs were done in the initial 24 cities (fi gure 1), and then outcome surveys in the 20 randomised cities (fi gure 2) in 2005, and in 2006. In baseline and fi nal outcome surveys of young adults, more participants came from the coast in control cities than in intervention cities, and more came from the Andes in intervention cities other variables were similar (table 2) . FSWs were older, and more lived with a sex partner and worked in brothels, in intervention cities than in control cities, but the median fee per client was lower; other variables were similar ( 0·006  0·007  0·008  +0·001  +0·001  0·72  1·12 (0·67-1·89)   HIV  0·007  0·008  0·005  0·003  −0·002  −0·002  0·51  0·49 (0·10-2·54 In intervention cities, we trained and certifi ed workers at 623 (80·6%) of 773 pharmacies, and 701 (69·6%) of 1007 physicians and midwives in private practice. We continued training new pharmacy workers and clinicians coming to these cities. Pharmacies in intervention cities reported 290 440 visits for STI-related symptoms in 2004-06; clinicians reported 184 208. Substantial, sustained improvements in syndromic management in intervention cities were noted after 7280 simulatedpatient visits to pharmacies in the 20 cities at baseline and at 3, 6, and 18 months thereafter (data not shown).
Mobile teams in ten intervention cities interviewed FSWs 48 207 times during 20 8-week cycles. Numbers of venues and FSWs visited per cycle increased by more than 50% in the fi rst year, but then stabilised (data not shown). In the 2005 surveys, young adult survey participants in intervention cities reported exposure to the campaign messages about STIs and condoms more and reported unprotected sex with a casual partner less often than did those in control cities (data not shown). Women in intervention cities sought appropriate care for STI-related symptoms more often than those in control cities (data not shown).
In 2006, data for the composite primary outcome were available for 12 930 (98·7%) of 13 104 young adults providing samples (6374 men and 6556 women). The adjusted composite STI prevalence in young men and women was an absolute 1·1% lower, adjusted for baseline prevalence, in intervention cities than in control cities (p=0·096; table 3). In ancillary analysis limited to the young women, 268 (8·2%) of 3259 women had any STI in intervention cities compared with 364 (11·0%) of 3297 in control cities (absolute risk reduction 2·6%, p=0·024; table 3). For young men, by contrast, 141 (4·4%) of 3189 in intervention cities and 161 (5·1%) of 3185 in control cities had any STI; the adjusted diff erence in composite prevalence of curable STIs between study groups was negligible (table 3) . However, in 2006, the prevalence of C trachomatis in men who had had sex with FSWs in the past year was 7·2% in control cities and 3·5% in intervention cities (adjusted RR 0·68, 95% CI 0·28-1·68). The (unmatched) intraclass correlation for the composite STI prevalence (men and women) in the intervention communities was 0·0016 (95% CI 0·00-0·0046) and in the control communities 0·0088 (95% CI 0·00-0·018).
In 2006, STI prevalences were available for 4130 (99·4%) of 4156 enrolled FSWs. 302 (14·5%) of 2085 FSWs had any STI in intervention cities compared with 451 (22·1%) of 2045 in control cities (table 3) . Adjustment for composite baseline prevalences gave a 7·4% lower absolute risk in intervention than in control cities in 2006 (p=0·023; table 3). Prevalences of C trachomatis, T vaginalis, and N gonorrhoeae infections declined in intervention cities (table 3) . Syphilis seroprevalence was not signifi cantly diff erent in intervention and control cities (table 3) . HIV prevalences were low, without signifi cant diff erences between control and intervention cities (table 3) . The (unmatched) intraclass correlation for the composite STI prevalence in intervention FSW communities was 0·046 (95% CI 0·00-0·092), and in control communities 0·023 (95% CI 0·00-0·050). In young women and FSW, any diff erences in rates of infection with C trachomatis in each population in 2005, were similar to those recorded in 2006, indicating that intervention eff ects in these groups were consistent and evident within 2 years.
Discussion
After 3 years of interventions, the prevalence of any of four curable STIs in young adults was lower in intervention cities than in control cities, although this diff erence was not signifi cant. The diff erence was signifi cant in young women, but not in young men. Additionally, FSWs in intervention cities had signifi cantly lower prevalence of STIs. As far as we are aware, this is the fi rst urban community randomised trial to show an intervention might reduce prevalences of curable STIs in young women and FSWs (panel).
Although the eff ect in FSWs was consistent with projections, results in young adults were not as expected. We anticipated that FSW screening and treatment could help to lower STI prevalences in young men, because data have implicated that unprotected sex with FSWs is the major risk factor for STIs in men in Lima. 25 We predicted that prevalence of STIs would fall in young women because of reduced prevalence in male clients. We observed no overall reduction of STIs in young men, although our 2006 survey did show that prevalence of C trachomatis was lower in those who reported sex with FSWs in the past year in intervention than in control cities. The eff ect of interventions in women, especially on trichomoniasis, could be because they sought appropriate care for STI-related symptoms more than did men. For example, many more women were treated for vaginal discharge in 2004-06 in intervention cities than were men for urethral discharge. Our study had several strengths: detailed preliminary studies; [8] [9] [10] widespread community engagement; [8] [9] [10] cluster-randomised design with pair-wise matching and adjustment for baseline prevalences; inclusion of three disparate geographic regions in Latin America, (a neglected area); many evidence-based intervention components, with structural and technical components for both high-risk and general populations; use and strengthening of existing health systems; collaborations with local partners; and use of personal digital assistants for collection of confi dential data. The focus on urban populations is important in view of worldwide trends in urbanisation and concentrations of STIs in cities.
A trade-off exists between internally valid trials of simple interventions and trials of multicomponent interventions adapted to local contexts. 26 When a onecomponent intervention has no benefi t, whether complementary or synergistic components would have added benefi t is unknown. By contrast, the challenge with multicomponent or complex interventions [27] [28] [29] [30] is identifi cation of components contributing most to success. Further study limitations were the crosssectional rather than cohort-based outcome measures, remarkable mobility of FSWs, and changes to nucleic acid amplifi cation testing protocols. Overall, this prevention package was feasible, acceptable, and had a moderate eff ect on curable STI prevalences. Although our study was broadly inclusive of high-risk populations and the general public, and used the existing healthcare system, the generalisability is unknown and the cost-eff ectiveness of these intervention components are to be established.
Panel: Research in context
Systematic review A systematic review 1 had previously identifi ed 74 late-phase randomised controlled trials of interventions to prevent sexually transmitted infections (STIs) other than HIV reported before the end of 2009. Of these studies, three cluster randomised trials 2,3,5 used syndromic management and measured STI rates and HIV incidence. The multicomponent community randomised trial in Masaka, Uganda, 2 compared a control group with a behaviour-change intervention, with or without improved STI syndromic management. The behaviour-change intervention signifi cantly lowered incidence of infection with herpes simplex virus 2, and the combined intervention signifi cantly reduced incidence of syphilis (rapid-plasma-reagin titre ≥1:8) and gonorrhoea prevalence. Prevalence of Chlamydia trachomatis was not aff ected, and Trichomonas vaginalis was not assessed. In the Tanzanian trial of improved STI syndromic management, 3 the adjusted relative risk in intervention versus control cities for syphilis seroprevalence (rapid-plasma-reagin titre ≥1:8) in adult cohorts was 0·71 (95% CI 0·54-0·93) after 2 years. Prevalence of urethral infection with Neisseria gonorrhoeae or C trachomatis was not signifi cantly lowered. After 2 years, prevalences of any curable STI in antenatal women (N gonorrhoeae, C trachomatis, T vaginalis, or active syphilis) were similar in intervention and control communities. The Zimbabwean trial 5 showed no eff ect on STIs. 5 A 2008 review of HIV and STI prevention interventions in female sex workers (FSWs) in resource-poor settings 21 identifi ed 28 interventions with follow-ups of more than 6 months and externally measureable outcomes. Overall, evidence suggested that multicomponent interventions can reduce HIV and STI acquisition in FSWs, as can structural interventions (eg, required condom use in Thai brothels). However, only two cluster randomised trials showed STI outcomes. Of those, one unpublished study with two cycles of presumptive antimicrobial treatment showed no signifi cant eff ect on gonorrhoea or chlamydial infection. A second showed that when FSWs were given the option of female condoms, aggregate STI risk was not signifi cantly aff ected. 22 India's Avahan project is an important non-randomised multicomponent prevention programme targeting high-risk populations to decrease population-level spread of HIV and other STIs. 23, 24 Although reductions in HIV prevalence were associated with intervention intensity in three of six states, 23 a separate commentary 24 concluded that only with a prospective, robust assessment of the programme's implementation could the investigators have convincingly proven eff ectiveness.
Interpretation
How few cluster-randomised controlled trials of multicomponent interventions to reduce transmission of curable STIs exist, especially in urban settings, is remarkable. None have shown an eff ect on C trachomatis or T vaginalis, the two most common curable STIs. This study used a multicomponent intervention adapted to high-risk and general-population groups. Our primary outcome analysis provided weak evidence at best for a reduction in curable STIs in young adults. However, secondary and ancillary analyses did show signifi cant reductions in young women and FSWs, largely due to reductions in C trachomatis and T vaginalis infection. The trial revealed important context-specifi c challenges and opportunities, such as FSW mobility, potential for interventions for male sex workers, potential of pharmacy-based interventions, and eff ects of condom social marketing and of health-communication campaigns.
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